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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a hot rolled steel sheet which has extremely 
excellent stretch-flanging properties, has tensile strength in a class of 400 to 
490 MPa, and is suitable as the stock for automobile parts or the like. 

SOLUTION: The hot rolled steel sheet has a composition containing, by mass, 0.01 to 
0.05% C, 0.2 to 1.0% Si, 0.8 to. 2.0% Mn, ^0.05% P, ^0.005% S and 0.01 to 0.10% Al. 
The steel sheet has a structure consisting of polygonal ferrite having the average 
crystal grain size of 5 to 20 urn and Vickers hardness of 100 to 150 in ^85% by 
volume ratio, and the balance either or both of bainite and filmlike cementite 
present on the crystal grain boundaries. The average size of the bainite and the 
average cross-sectional length of the filmlike cementite are controlled to less 
than the average crystal grain size of polygonal ferrite. 
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ABSTRACTED-PUB-NO: JP2002180193A 
BASIC-ABSTRACT: 

NOVELTY - A hot-rolled sheet steel contains 85 volume% or more of polygonal ferrite 
with average grain size of 5-20 mu m and Vickers hardness of 100-150, and remainder 
of filmy bainite and/or cementite. The mean diameter of bainite and average cross- 
sectional strength of filmy cementite are less than average grain size of polygonal 
ferrite. 

DETAILED DESCRIPTION - A hot-rolled sheet steel contains (in mass%) carbon (0.01- 
0.05), silicon (0.2-1), manganese (0.8-2), phosphorus (0.05 or less), sulfur (0.005 
or less), aluminum (0.01-0.10) with remainder of iron and impurities. The sheet 
steel contains 85 volume% or more of polygonal ferrite with average grain size of 
5-20 mu m and Vickers hardness of 100-150, and remainder of filmy bainite and 
cementite. The mean diameter of bainite and average cross-sectional strength of 
filmy cementite are less than average grain size of polygonal ferrite. 

An INDEPENDENT CLAIM is included for manufacture of hot rolled sheet steel which 
involves heating slab; to 1050-1250 deg. C, performing hot rolling at Ar3 
(transformation temperature) to (Ar3+100 deg. C). The rolled steel is cooled to T 
( deg. C) at average cooling rate of 40-100 deg. C/second. The cooled steel is 
wound at 400-600 deg. C. The T is represented by relation: T ( deg. C) = 615-48. 0C- 
8 . 4Mn+28 . 6Si, where C, Mn and Si are amount of carbon, manganese and silicon (in 
mass% ) , respectively. 



USE - For components of motor vehicle. 
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ADVANTAGE - The hot rolled sheet steel excels in elongation flange property and 
tensile strength . 

DESCRIPTION OF DRAWING ( S ) - The figure is a graph showing relationship of a volume 
ratio of polygonal ferrite and rate of enlarging of the hole. (Drawing includes 
non-English language text). 
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(54) HOT ROLLED STEEL SHEET HAVING EXCELLENT STRETCH-FLANGING 
PROPERTY AND ITS PRODUCTION METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a hot rolled steel sheet which has extremely 
excellent stretch-flanging properties, has tensile strength in a class of 400 to 490 MPa, and is 
suitable as the stock for automobile parts or the like. 

SOLUTION: The hot rolled steel sheet has a composition containing, by mass, 0.01 to 0.05% 
C, 0.2 to 1 .0% Si, 0.8 to 2.0% Mn, ^0.05% P- <0.005% S and 0.01 to 0.10% Al. The steel 
sheet has a structure consisting of polygonal ferrite having the average crystal grain size of 5 
to 20 urn and Vickers hardness; of 100 to 150 in >85% by volume ratio, and the balance either 
or both of bainite and filmlike cementite present on the crystal grain boundaries. The average 
size of the bainite and the average cross-sectional length of the filmlike cementite are 
controlled to less than the average crystal grain size of polygonal ferrite. 
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* NOTICES* 



JPO and INPIT are not J responsible for any . 
damages caused by the 1 use of this translation. 



1. This document has been translated by}computer. So the translation may not reflect the original 
precisely. \ 

2. **** shows the wordj which dan not 8te translated. 
3.1n the drawings, any woriis are not translated. ; ; \ \ 




CLAIMS 



[Claim(s)] 

[Claim 1] C:0.01 to 0.05 mass %, and Si:0.2 -1.0 Mass %, Mn: 0.8 -2.0 Mass %, below P:0.05 mass %, 
and S:0.005 Below mass % and ahimimim:0.01 --0.1Q mass % is included, the presentation of 
Remainder Fe and an unescapable impurity — having -- the diameter of average crystal grain — 5-20 
micrometers and a VIKKASU degree of hardness --100-156 it is the poly GONARU ferrite Contain 
85% or more at the rate of the volume, ind the remainder consists of both film-like both [ either or ] 
which exist in bainite and the grain boundary. Hot rolled sheet steel which is excellent in the elongation 
flange nature characterized by the average cross-section length of the pitch diameter of bainite and a 
film-like cementite being under the diameter of average crystal grain of the poly GONARU ferrite. 
[Claim 2] C:0.01 to 0.05 mass %, and Si:0.2 -1.0 Mass %, Mri: 0.8 -2.0 Mass %, below P:0.05 mass %, 
and S:0.005 Below mass % and alumiiHim:0.01 - 0.10 mass % is included. One group or two groups 
which were furthermore chosen from the following (a) group and the (b) group are contained, the 
presentation of Remainder Fe and; an unescapable impurity - having - the diameter of average crystal 
grain - 5-20 micrometers and a WKKASU degree of hardness -- 100-150 it is - the poly GONARU 
ferrite Contain 85% or more at the rate of the volume, and the remainder consists of both film-like both 
[ either or ] which exist in bainite and the grain boundary. Hot rolled sheet steel which is excellent in the 
elongation flange nature characterized by the average cross-section length of the pitch diameter of 
bainite and a film-like cementite being under the diameter of average crystal grain of the poly GONARU 
ferrite. 

account (a) group: - calcium and REM from one selected sort or two sorts - the sum total - 0.001- 
0.010 mass % (b) group: - one sort chosen from Ti and Nb, or two sorts - the sum total - 0.01 - 0.10 
mass % - [Claim 3] C:0.01 to 0.05 mass %,'and Si:0.2 -1.0 MaSs %, Mn: 0.8 -2.0 Mass %, below P:0.05 
mass %, and S:0.005 The slab containing below mass % and alumihum:0.01 - 0.10 mass % The 
finishing mill appearance side temperature after heating in temperature of 1050-1250 degrees C is Ar3. 
The hot rolling used as a transformation point - (Ar3 transformation point +100 **) temperature region 
is performed. Subsequently, the manufacture approach of hot rolled sheet steel of excelling in the 
elongation flange nature characterized by cooling the temperature requirement to the temperature T 
defined by the following formula at least with the average cooling rate of 40 - 100 **/s, and rolling 
round at the temperature of 400 - 600 *^ after that. 

Account T(degree-C) =615-48;0C-8.4 Mn+28.6 Si, however C, Mn and Si are the content (mass %) of 
each element. 

[Claim 4] It is the manufacture approach of hot rolled sheet steel of excelling in the elongation flange 
nature characterized by having the component presentation containing one group or two groups as which 
slab was further chosen from the following (a) group and the (b) group in claim 3. 
account (a) group: - calcium and REM from tr one selected sort or two sorts - the sum total ^- 0.001- 
0.010 mass % (b) group: - one sort chosen from Ti and Nb, Or two sorts - the sum total - 0.01 - 0.10 
mass % 
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1. This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention celates to improving the elongation flange nature of the hot rolled 
sheet steel which is excellent in elongation flange nature, especially the hot rolled sheet steel whose 
tensile strength is 400 - 490MPa class. . 
[0002] ^ ' ! : ; , 

[Description of the Prior Art] As a material of the chassis-related components of an automobile, 
especially components, such as a suspension arm, the hot rolled sheet steel whose tensile strength is 400 
- 490MPa class is used abundantly. Moreover, elongation flange nature with press working of sheet 
metal of this kind of components high to the steel plate which the propriety of that shaping is governed 
by the fracture like an elongation flange in many cases, and serves as a material is called for. 
Furthermore, in recent years, in requiring [ components arrangement or ] from a design side, the 
situation that a more complicated configuration is needed also about various chassis components also 
came to appear here arid there. For : this feasdri, tensile strength Much more improvement in elongation 
flange nature is demanded from the hot rolled sheet steel for automobiles which is 400 - 490MPa class. 
[0003] It is said that it is effective to reduce the second phase and inclusion under steel plate 
organization here as a policy which raises the elongation flange nature of a steel plate. Since the 
deformability of this second phase and inclusion differs from it of the main phase greatly, in case a steel 
plate is processed, stress concentration produces it in an interface with the main phase, the second phase, 
or inclusion. Therefore, in the time of the shear before stretch flanging, or the advance process of stretch 
flanging, it is easy to generate the detailed crack used as the origin of the fracture at the time of stretch 
flanging in the boundary section of the -second phase, or the inclusion and the main phase. Therefore, 
reducing the second phase and the amoiint of inclusion and lessening the origin of crack initiation as 
much as possible contributes to improvement in elongation flange nature greatly. 
[0004] The difference of the deformability of each interphase in which single phase organization steel 
constitutes [ in / it is ideal and / dual phase steel ] complex tissue from the above point as a steel plate 
excellent in elongation flange nature is small, that is, it is made desirable for the hardness difference of 
each interphase to be small. As hot rolled sheet steel which is excellent in the stretch-flanging nature in 
alignment with such a view, many steel plates which consider bainite or a BEINI tick ferrite as a subject 
organization are proposed. . . • ; • ^ 

[0005] For example, in JP,7-74378,B, it is C:0.02 to 0.14 mass %, and P<=0.020. Mass % and Si:0.4 - 
2.0 Mass %, S<=0.01 mass %, and Mn:0.3 -2.0 Mass % and aluminum:0.005 - 0.10 mass % are 
included. It is the steel which consists of the remainder Fe and an unescapable impurity Ar3 By hot- 
rolling with the finishing temperature more than the transformation point, cooling with the 
predetermined cooling rate specified with C and the amount of Mn, and rolling round by 350 - 550 ** 
The manufacture approach of high tension hot rolled sheet steel excellent in hole expansion property 
considered as the organization which makes bainite a subject is indicated. Moreover, in JP,6-172924,A, 
it is C:0.03 to 0.20 mass %, and Si:0.2-2.0. Mass % and Mn<=2.5 Mass %, P<=0.08 mass %, and 
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S<=0.005 Including mass %, it is the steel which consists of the remainder Fe and an unescapable 
impurity, and the high tension hot rolled sheet steel excellent in elongation flange workability which has 
the organization which makes a subject a BEINI tick ferrite or a ferrite, and a BEINI tick ferrite is 
proposed, furthermore, to JP,9-170048,A C:0.05 to 0.20 mass %, and Si:0.1 -2.0 Mass % and Mn:0.5 - 
2.5 Mass % and P:0.005-0.1 Mass %, S<=0.01 mass %, and aluminum<=0.1 Mass % is included. It is 
the steel which consists of the remainder Fe and an unescapable impurity, and a detailed ferrite and 
bainite are made into a subject and the high tension hot rolled sheet steel excellent in a fatigue property 
and hole expansion property which has the organization where a tabular cementite exists in the grain 
boundary with a predetermined ratio and a predetermined dimension is indicated. 
[0006] However, tensile strength can apply immediately no steel plates by the above-mentioned 
technique to the hot rolled sheet steel which is 400 - 490MPa class for the high tension hot rolled sheet 
steel whose tensile strength is 490 or more MPaS; 

[0007] On the other hand, tensile strength is indicated by JP,1-32293,B, JP,7-47798,B, etc. as a 
technique about the elongation flange disposition top of the hot rolled sheet steel which is 400 - 490MPa 
class, for example, to JP,1-32293,B C<=0.08 mass % and Si:0.1-1.0 Mass % and Mn:0.5 -1.4 Mass % 
and P<=0.020 Mass % and S<=0.010 Mass % and aluminum:0.020 -0.100 Mass % and N<=0.0060 
mass % are included. The steel which consists of the remainder Fe and an unescapable impurity is 
heated in temperature of 1100 degrees C or more, and it is Ar3. It hot-rolls with the finishing 
temperature more than the transformation point, and the manufacture approach of hot rolled sheet steel 
by rolling round by 600 - 740 ** which was excellent in workability is indicated. Moreover, in JP,7- 
47798,B, it is C:0.02 to 0.07 mass %, and Si:0.4 -1.5. Mass % and Mn:0.5 -1.5 Mass %, P<=0.02 mass 
%, and S<=0.005 Mass % and aluminum:0.01 - 0.10 mass % are included. It consists of the remainder 
Fe and an unescapable impurity, and a circle equivalent radius is 0.1. The ratio of organized labor of the 
cementite of the magnitude more than mum At 0.1% or less, the hot rolled sheet steel excellent in 
burring nature and ductility whose ratio of organized labor of martensite is 1% or less, and its 
manufacture approach are indicated. 

[0008] However, when the elongation flange nature of the hot rolled sheet steel obtained by these 
techniques makes the rate of hole expanding an index, it is 80-130 %, and a problem remains in the 
place which cannot necessarily be said to be enough to a demand level in recent years. 
[0009] 

[Problem(s) to be Solved by the Invention] Then, this invention solves the trouble which the above- 
mentioned conventional technique holds, and aims at what is proposed about the hot rolled sheet steel 
which has the extremely excellent elongation flange nature suitable as materials, such as autoparts, and 
whose tensile strength is 400 - 490MPa class, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] Artificers repeated research wholeheartedly about the presentation of a 
steel plate exerted on elongation flange nature, and the effect of a microstructure in order to solve the 
above-mentioned technical problem. Consequently, it found out that the elongation flange nature 
excellent in the steel plate might be made to discover by making the poly GONARU ferrite into the main 
phase, making the organization of hot rolled sheet steel which has predetermined chemical composition 
into the second phase which the remainder becomes from both film-like both [ either or ] which exist in 
bainite or the grain boundary, ^nd making magnitude of the rate of the volume of the poly GONARU 
ferrite phase, particle size, a degree of hardness, and the second phase into a predetermined thing. 
[0011] Furthermore, by hot-rolling the steel which adjusted the chemical entity to the predetermined 
range under predetermined conditions, the microstructure of a steel plate became the above-mentioned 
configuration, and artificers also acquired the knowledge that it was possible to manufacture the hot 
rolled sheet steel which is excellent in elongation flange nature. This invention is accomplished based on 
the above-mentioned knowledge. 

[0012] That is, the summary configuration of this invention is as follows. 

(1) G0.01 to 0.05 mass %, and Si:0.2 -1.0 Mass %, Mn: 0.8 -2.0 Mass %, below P:0.05 mass %, and 
S:0.005 Below mass % and aluminum:0;01 - 0.10 mass % is included, the presentation of Remainder Fe 
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and an unescapable impurity - having - the diameter of average crystal grain « 5-20 micrometers and a 
VIKKASU degree of hardness - 100-150 it is - the poly GONARU ferrite Contain 85% or more at the 
rate of the volume, and the remainder consists of both film-like both [ either or ] which exist in bainite 
and the grain boundary. Hot rolled sheet steel which is excellent in the elongation flange nature 
characterized by the average cross-section length of the pitch diameter of bainite and a film-like 
cementite being under the diameter of average crystal grain of the poly GONARU ferrite. 
[0013] (2) C:0.01 to 0.05 mass %, and Si:0.2 -1.0 Mass %, Mn: 0.8 -2.0 Mass %, below P:0.05 mass %, 
and S:0.005 Below mass % and aluminum:0.01 - 0.10 mass % is included. One group or two groups 
which were furthermore chosen from the following (a) group and the (b) group are contained, the 
presentation of Remainder Fe and an unescapable impurity — having — the diameter of average crystal 
grain - 5-20 micrometers and a VIKKASU degree of hardness - 100-150 it is - the poly GONARU 
ferrite Contain 85% or more at the rate-of the volume, and the remainder consists of both film-like both 
[ either or ] which exist in bainite and the grain boundary. Hot rolled sheet steel which is excellent in the 
elongation flange nature characterized by the average cross-section length of the pitch diameter of 
bainite and a film-like cementite being under the diameter of average crystal grain of the poly GONARU 
ferrite. 

account (a) group: - calcium and REM from one selected sort or two sorts the sum total - 0.001- 
0.010 mass % (b) group: - one sort chosen from Ti and Nb, or two sorts — the sum total — 0.01 - 0.10 
mass % [0014] (3) C:0.01 to 0.05 mass %, and Si:0.2 -1.0 Mass %, Mn: 0.8 -2.0 Mass %, below P:0.05 
mass %, and S:0.005 The slab containing below mass % and aluminum:0.01 - 0.10 mass % The 
finishing mill appearance $ide temperature after heating in temperature of 1050-1250 degrees C is Ar3. 
The hot rolling used as a transformation point - (Ar3 transformation point +100 **) temperature region 
is performed. Subsequently, the manufacture approach of hot rolled sheet steel of excelling in the 
elongation flange nature characterized by cooling the temperature requirement to the temperature T 
defined by the following formula at least with the average cooling rate of 40 - 100 **/s, and rolling 
round at the temperature of 400 - 600 ** after that. 

Account T(degree-C) =615-48.0C-8.4 Mn+28.6 Si, however C, Mn and Si are the content (mass %) of 
each element. 

[0015] (4) It is the manufacture approach of hot rolled sheet steel of excelling in the elongation flange 
nature characterized by having the component presentation containing one group or two groups as which 
slab was further chosen from the following (a) group and the (b) group in the above (3). 
account (a) group: ~ calcium and REM from - one selected sort or two sorts ~ the sum total - 0.001- 
0.010 mass % (b) group: - one sort chosen from Ti and Nb, or two sorts - the sum total - 0.01 - 0.10 
mass % [0016] 

[Embodiment of the Invention] Next, the reason for limitation of each component [ in / hot rolled sheet 
steel / of this invention / chemical comppsitipn ] is explained first. . 

C:0.01 - 0.05 mass %C are elements which have the operation which high-intensity-izes steel through 
formation of solid solution strengthening and the second hard phase, and cheap ingot cost can also raise 
the reinforcement of steel by adding C. However, if C content exceeds 0.05 mass %, it will become 
difficult to become easy to generate the second phase and to carry out the rate of the volume of the 
ferrite which is the main phase more than the specified quantity. On the other hand, under by 0.01 mass 
%, when ingot cost increases, in order to secure required reinforcement, the content of C needs to add 
expensive alloy elements other than C so much, and becomes disadvantageous on economy. For this 
reason, the amount of C is limited to tha range of 0.01 « 0.05 mass %. 

[0017] Si: 0.2 -1.0 Mass %Si is an element which strengthens steel by solid solution strengthening. 
Moreover, a ferrite transformation is promoted and it also has the operation which makes generation of 
the poly GONARU ferrite easy. If the ferrite of the main phase is strengthened by addition of this Si, 
when a interphase hardness difference with the second phase decreases, the effectiveness that the 
elongation flange nature of a steel plate improves will also be acquired. Si content such an operation and 
effectiveness It accepts above 0.2 mass %. On the other hand, it is 1.0. If contained exceeding mass %, 
the shape of front planarity of a steel plate will get worse notably . For this reason, amount of Si 0.2-1.0 
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It limited to the range of mass %. 

[0018] Mn: 0.8 -2.0 Mass %Mn is an element which strengthens steel by solid solution strengthening. 
Mn content is 0.8 in order to secure the reinforcement for which it asks by this invention. It is desirable 
that it is more than mass %. On the other hand, the amount of Mn If 2.0 mass % is exceeded, the second 
phase of the shape of a main segregation layer or a band will become is easy to be formed during a steel 
plate organization, and the fall of the elongation flange nature of a steel plate will be caused. For this 
reason, amount of Mn 0.8-2.0 It limited to the range of mass %. 

[0019] P: Below 0.05 mass % P is the element which exists as an impurity in steel, and in order that a lot 
of P may reduce the moldability and weldability of a steel plate, it limits the content of P to below 0.05 
mass %. In addition, it is below 0.03 mass % more desirably. 

[0020] S:0.005 Below for mass % S, the content of S is 0.005, in order that it may be the element which 
exists as an impurity and a lot of S . may reduce the elongation flange nature of a steel plate through 
formation of the inclusion in steel into jsteel. It limits to below mass %. In addition, it is 0.003 more 
desirably. It is below mass %. 

[0021] aluminum: 0.01 - 0.10 mass %aluminum is an element added for deoxidation of steel, and 
deoxidation effectiveness with aluminum addition sufficient by under 0.01 mass % is not acquired. 
Moreover, if an addition exceeds 0.10 mass %, when the deoxidation effectiveness will be saturated, the 
increment in the inclusion in steel is caused. For this reason, the content of aluminum is limited to 0.01 - 
0.10 mass %. 

[0022] Furthermore, in addition to the above-mentioned chemical entity, in the steel plate of this 
invention, one group or two groups which were chosen from the following (a) group and the (b) group 
can be contained if needed. 

(a group) : - calcium and REM from - one selected sort or two sorts - the sum total - 0.001-0.010 
mass % - calcium and REM It has the operation which controls the gestalt of sulfide system inclusion, 
and has the effectiveness of raising the elongation flange nature of a steel plate by this. This 
effectiveness is calcium and REM. The content which totaled one sort chosen from inside or two sorts is 
0.001. If it becomes under mass %, even if it will not fully be obtained but will add exceeding 0.01 mass 
% on the other hand, it is contrary to effectiveness being saturated and becomes loam Lycium chinense 
about the increase of cost. For this reason, calcium and REM The content which totaled one sort or two 
sorts is 0.001-0.010. It limits to mass 4>. 

[0023] (b group) : - one sort chosen from Ti and Nb, or two sorts - the sum total - 0.01 to 0.10 mass % 
-- Ti and Nb form carbide and a nitride into steel, and have the operation which high-intensity-izes steel 
by precipitation strengthening by these carbon nitride. Such effectiveness is the sum total and one sort 
chosen from Ti and Nb or two sorts are accepted above 0.01 mass %. On the other hand, even if 
contained exceeding 0.10 mass % in total, it is contrary to effectiveness being saturated and becomes 
loam Lycium chinense about the increase of cost; For this reason, the content which totaled one sort of 
Ti and Nb or two sorts js limited to the<rangq of 0.01 - 0.10 mass % in total. In addition, remainder 
components other than the above-mentioned component element consist of Fe and an unescapable 
impurity. 

[0024] Next, the configuration of a microstructure in the hot rolled sheet steel of this invention is 
explained, the steel plate of this invention - the diameter of average crystal grain - 5-20 micrometers 
and a VIKKASU degree of hardness - 1Q0-150 it is - the poly GONARU ferrite is made into the main 
phase, and it is the second phase which the remainder becomes from both film-like both [ either or ] 
which exist in bainite or the grain boundary, and is characterized by the average cross-section length of 
the pitch diameter of bainite and a filmrlike cementite being under the diameter of average crystal grain 
of the poly GONARU ferrite. 

[0025] The [main phase] The steel plate of this invention makes the poly GONARU ferrite the main 
phase. The poly GONARU ferrite is a phase which has high deformability by elasticity, and in order to 
give the moldability excellent in the steel plate, it is a suitable phase. As the rate of the volume of the 
poly GONARU ferrite shows the relation between the rate of the volume of the poly GONARU ferrite, 
and the rate of hole expanding to drawing 1 at less than 85%, sufficient moldability for a steel plate is 
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not discovered, and the fall of elongation flange nature is caused through the increment in the second 
phase. Therefore, the rate of the volume of the poly GONARU ferrite is limited to 85% or more. Here, 
the rate of hole expanding aims at the engine performance which surpasses 130 % in this invention. In 
addition, the result shown in drawing 1 arranges the evaluation result in the example mentioned later. 
[0026] Moreover, if the diameter of crystal grain of the poly GONARU ferrite is set to less than 5 
micrometers, the ductility of a steel plate will fall with strengthening by grain refining. In addition, in 
order to set the diameter of crystal grain to less than 5 micrometers, increase of a rolling load is not 
avoided but the fall of the manufacturability in a hot rolling process is caused. On the other hand, when 
the diameter of crystal grain of the poly GONARU ferrite exceeds 20 micrometers, the shape of front 
planarity of a steel plate gets worse at the time of steel plate processing. Therefore, the diameter of 
crystal grain of the poly GONARU ferrite is limited to 5-20 micrometers. 

[0027] Furthermore, the VIKKASU degree of hardness of the poly GONARU ferrite Less than by 100, 
when desired steel plate reinforcement is not obtained, a hardness difference with the second phase 
becomes large, and as shown in drawirig 1 , the elongation flange nature of a steel plate falls. On the 
other hand, the VIKKASU degree of hardness of the poly GONARU ferrite If 150 is exceeded, 
conversely, steel plate reinforcement will become high and it will become difficult to acquire a desired 
intensity level. Therefore, the VIKKASU degree of hardness of the poly GONARU ferrite is 100-150. It 
limits. 

[0028] The [second phase] The second phase of the steel plate of this invention consists of both film-like 
both [ either or ] which exist in bainite or the grain boundary. When the second phase is martensite, and 
a pearlite or a massive cementite, a interphase hatdness difference with the poly GONARU ferrite which 
is the main phase becomes large, and as^shown in drawing 1 , the elongation flange nature of a steel 
plate falls. Therefore, the second phase of the steel plate of this invention is limited to the cementite 
which exists in bainite and/or the grain boundary in the shape of film. In addition, although a cementite 
is a hard phase, if it is the cementite of the shape of film which distributes and exists in the grain 
boundary, compared with the cementite which exists in massive [ big and rough ], whenever [ in an 
interface with the main phase / stress concentration ] will be eased, and the bad influence to the 
elongation flange nature of a steel plate will be mitigated. 

[0029] However, even if the second phase is a bainite and/or film-like cementite and the rate of the 
volume of this second phase is less than ; 15% When bainite and; a film-like cementite exist as the second 
big and rough phase to the poly GONARU ferrite of the main phase As it becomes easy to produce a 
detailed crack in an interface with a ferrite and the relation between the pitch-diameter ratio of the main 
phase and the second phase and the rate of hole expanding is shown in drawing 2 , the elongation flange 
nature of a steel plate falls. Therefore, the average cross-section length of the pitch diameter of bainite 
and a film-like cementite does to under the diameter of average crystal grain of the poly GONARU 
ferrite. In addition, the result shown in drawing 2 arranges the evaluation result in the example 
mentioned later. Moreover, dSP shown in drawirig 2; is the maximum of a bainite pitch diameter and 
film-like cementite average cross-section length, and this dPF is the diatneter of average crystal grain of 
the poly GONARU ferrite. 

[0030] In addition, the cross-section length of a film-like cementite as used in the field of this invention 
points out the major-axis length of the cutting plane of a film -like cementite at which it gazes in the 
cross section along the rolling direction of a steel plate, and a thing 1 micrometer or less is targetted in 
general for the thickness of a film-like cementite. 

[0031] The steel plate of this invention is hot rolled sheet steel which has above-mentioned chemical 
composition and complex tissue, and can still also form a coat or paint films, such as resin, fats and oils 
or various paint, and electroplating, in that front face. ,; 

[0032] Next, the manufacture approach of the steel plate this invention is explained in detail. First, the 
steel which has the above-mentioned component presentation is ingoted, and it casts in the usual 
approach, and considers as slab. Other facilities may be used although it is advantageous from the point 
of productive efficiency that a converter and a continuous casting machine perform this ingot and 
casting. Subsequently, after carrying out heating maintenance of the slab in a 1050-1250-degree C 
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temperature requirement, The hot rolling with which finishing mill appearance side temperature (FDT) 
becomes the Ar3 transformation point - (Ar 3+100) ** is performed. It is characterized by cooling the 
temperature requirement to the temperature T defined by following formula (b) at least after this rolling 
termination with the average cooling rate of 40 - 100 **/s, and rolling round at the temperature of 400 - 
600** after that. 

Account T(degree-C) =615-48.008.4 Mn+28.6 Si -— (b) . 
C, Mn, and Si are the content (mass %) of each element. 

[0033] In addition, the additional heat of the sheet bar after rough rolling may be carried out before 
finish rolling initiation, and fall prevention of finishing mill appearance side temperature may be aimed 
at. Moreover, the sheet bar after rough rolling may be joined and you may continuation-ize like a finish 
roll turner. Below, the reason for limitation of each manufacture conditions is explained. 
[0034] [ — slab stoving temperature whenever: - 1050 - 1250-degree-C] - in order to end hot rolling at 
predetermined finishing mill appearance side temperature and to obtain the hot-rolling plate of a desired 
property, it is necessary to heat the slab before hot rolling to suitable temperature That is, when 
whenever [ stoving temperature / of slab ] is less than 1050 degrees Gj it becomes difficult to fulfill the 
finishing mill appearance side temperature conditions mentioned later. On the other hand, if whenever 
[ stoving temperature / of slab ] surpasses 1250 degrees C, it will become difficult for a slab 
organization to make it big and rough too much at the time of heating, and to get a desired steel plate 
organization after rolling at it. Therefore, whenever [ stoving temperature / of slab ] is limited to 1050- 
1250 degrees C. 

[0035] [ - finishing mill appearance side temperature:— Ar3 transformation point - (Ar 3+100) **] -- 
the finishing mill appearance side temperature of; hot rolling Ar3 If less than the transformation point, 
while the ferrite and the non-recrystall^ed ferrite which did expansion will be formed in a rolling 
direction and the anisotropy of the steel plate quality of the material will become large, the moldability 
of a steel plate falls. On the other hand, if finishing mill appearance side temperature exceeds ** (Ar 
3+100), it will be easy to make a steel plate organization big and rough, and a desired organization will 
become is hard to be formed. Therefore, finishing mill appearance side temperature is Ar3. It limits to 
the transformation point - (Ar 3+100) * * . 

[0036] [Cooling conditions] Cooling from after finish rolling to rolling up is a process important when 
adjusting the microstructure of a steel plate. It is necessary to choose: the cooling conditions which avoid 
a pearlite transformation and a martensitic transformation, fully advancing a ferrite transformation on 
the occasion of manufacture of the steel plate of this invention, the nose of a pearlite transformation 
[ in / in the temperature T defined by above formula (b) / the continuous cooling transformation diagram 
Fig. of the steel plate of this invention ] — it is equivalent to tip temperature. Therefore, in order to avoid 
generation of a pearlite during cooling from after finish rolling to winding, it is necessary to cool the 
temperature requirement to the above-mentioned temperature T with a predetermined cooling rate at 
least from finishing mill appearance side temperature. 

[0037] That is, when the average cooling rate in the tempbrature requirement to the above-mentioned 
temperature T is less than 40 degrees G/s, a pearlite transformation; takes place during cooling and it 
becomes easy to generate a pearlite as the second phase. Moreover^ an average cooling rate If s is 
exceeded in 100 degrees C /, generating, [ of delay and the poly GONARU ferrite ] will become 
inadequate [ advance of a ferrite transformation ]. Therefore, the average cooling rate to the above- 
mentioned temperature T at least is limited to 40 - 100 **/s from finishing mill appearance side 
temperature. In addition, although especially the cooling conditions in the temperature requirement from 
temperature T to winding temperature arei not limited, it is desirable to perform same cooling, for 
example, water cooling, from temperature T. continuously to winding temperature from a viewpoint 
which avoids advance of the pearlite transformation by, recuperation, and raises productive efficiency. 
[0038] [Winding temperature] Winding "temperature In hieing less than 400 degrees C and becoming 
easy to generate martensite as the second phase, aggravation of a steel plate configuration is also caused. 
On the other hand, winding temperature In exceeding 600 degrees C, while becoming easy to generate a 
pearlite as the second phase, a steel plate organization makes it big and rough, and stops being able to 
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obtain a desired organization easily. Therefore, winding temperature It limits to 400 - 600 **. 
[0039] In addition, even if it adds the process of acid washing or temper rolling on the occasion of 
manufacture of the steel plate of this invention if needed, the effectiveness by this invention is not 
spoiled. Moreover, it is also possible to perform after treatment, such as resin, fats-and-oils coating or 
various paint, and electroplating, in addition to the above-mentioned process. 
[0040] 

[Example] The component element shown in Table 1 was contained,, the steel with which the remainder 
consists of Fe and an unescapable impurity was ingoted with the converter, and it considered as the cast 
piece in continuous casting. It hot-rolled on the conditions which show the obtained cast piece in Table 
2, and considered as the hot-rolling plate of board thickness 2.9 mm. Subsequently, after carrying out 
acid washing of this hot-rolling plate and removing the scale of a steel plate surface, from this steel 
plate, the test piece was extracted and that microstructure and mechanical property were investigated. 
These results of an investigation are shown in Table 3. 

[0041] Here, the microstructure of a steel plate investigated by observing a rolling direction cross 
section with an optical microscope or a scanning electron microscope. That is, about the poly GONARU 
ferrite content in a steel plate, it is; a scale factor. It asked for the rate of occupancy area of the poly 
GONARU ferrite in the square field of 50mm atound set as arbitration by image analysis using the 400 
times as many cross-section organization photograph as this, and considered as the rate of the volume of 
the poly GONARU ferrite. About the particle size of the poly GONARU ferrite, it is JIS Z 0552. The 
grain size number was measured based on the convention, and it converted into the diameter of average 
crystal grain. In addition, the average cross-section length of the pitch diameter of bainite and a film-like 
cementite also measured collectively to crystal-grain-size measurement and coincidence of a ferrite. A 
micro hardness tester is used for the VIKKASU degree pf hardness of the poly GONARU ferrite, and it 
is JIS Z 2244. It measured based on the v convention. 

[0042] The mechanical property of a steel plate was measured by the tension test and the hole expanding 
test. A tension test is JIS Z 2204 extracted so that the trial direction might become parallel to the **** 
direction. A regular No. 5 test piece is used and it is JIS Z 2241. It carried out based on the convention 
and tensile strength (TS) and elongation after fracture (El) were measured. A hole expanding test is the 
Japan Iron and Steel Federation specification JFT T 1001. It carried out based on the convention and 
considered as the index of elongation flange nature in quest of the rate (lambda) of hole expanding. 
[0043] 

Table 1] . ' . ' ' ' 
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Si 


Mn 


P 
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Ti, Nb 
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0.04 


0.5 
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0.02 


0.001 


0.03 
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0.04 


0.5 


\2 


0.02 


0.001 


0.03 


Ca:0.003 




C 


0.04 


0.5 


\2 


0.02- 


0.001 


0.03 




Ti:0.02 


D 


0.015 


0.7 


1.5 


0.01 


0002 


ao3 






E 


0.015 


0.7 


1.5 


0.01 


0.002 


. 0.03 


REM: 0.008 


Nb:0.05 
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0.045 


0.8 
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0.01 


0.001- 
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0.3 
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0.001 


0.O5 


? : - 




H 


0.015 


0.3 


0.3 


0.01 


0.002 


0.03 






I 


0.04 


0.1 


1-2 


0.02 


0.001 


0.03 







[0044] 
[Table 2] 
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3 
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815 
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880 
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50 


500; 
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617 
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880 
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815 
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12 
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0045] 
Table 31 
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[0046] The hot rolled sheet steel of this invention is hot rolled sheet steel it has the tensile strength of 
400 or more MPas, and 35% or mbre of elongation after fracture, and the rate of hole expanding 
surpassed 130 %, and the balance. (TSxlambda) of reinforcement and the rate of hole expanding excelled 
[ hot rolled sheet steel ] in elongation flange nature extremely more than with 60GPa%. On the other 
hand, the rate (lambda) of hole expanding in ? thq hot rolled sheet steel of the example of a comparison 
which separates from the convention range of this invention 130% or less, the balance (TSxlambda) of 
reinforcement and the rate of hole expanding was below 60GPa(s) %, and elongation flange nature was 
inadequate as compared with the steel plate of this invention. In addition, as arranged about the tensile 
strength and the rate of hole expanding in the evaluation result shown in Table 3 at drawing 3 , the 
difference among both is clear. 
[0047] 

[Effect of the Invention] As explained above, acciorcJing to this invention, hot rolled sheet steel suitable 
as a mold-goods material which has the' elongation flange nature which was very excellent and which is 
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represented by autoparts can be offered,:and marked effectiveness is done so on industry. 



[Translation done.] 
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